-y

NACA RM L55E10¢

=

4T . Cop
LOMNTHBPENTFIAL BM yI 55E10c

AN C 2y LRy

AT WC ~ 70
Y, T - e, -E"’#KIR'ILAI.D .‘a.i.;B, l;%l

FRELSD00

(RO -

RESEARCH MEMORANDUM

"y AERODYNAMIC HEATING OF ROCKET-POWERED RESEARCH
«t
[

Ty VEHICLES AT HYPERSONIC SPEEDS

3 3 - -
J By Robert O. Piland and Katherine A, Collie
'!J'? - \ Langley Aeronautical Laboratory
g V Langley Field, Va.

¢
in

3 F WOWND A W T T oL

:i DECU.:':."’-E:-'..':' 1:...;5:,-.--.‘. '!-.'._" T

(X - D.,.-\ Ll -..".'..!J

o

COMME———T.

TLis malerial containg (rformaticn affecting the National Deferces gt -
of the esplonage lawsg Tillgg L - Zleis9iCn cF revelatica of wnich in any
persca 1s prchtbited by law.

NATIONAL ADVISORY COMMITTEE
FOR AERONAUTICS

WASHINGTON
Tuly 19, 1955

loff e (SCG) Lefter deded Jone e,

Declass fled 61 Qutho

WN ‘d4YN AHYHE!T HO3L

CONFBENFIAL
ey &7



EILE

Reck 19 Aon of

Natonal Aeroraytics and
Spaca Admnistratcn

Langley Research Center
Hamgton, Virgin:a
3685
! 198
1394 JUN 1 6 1983
03 pistribution
FRCHM: 180a/8ecurity Classi{fication Q¢Eicer

SUBJECT: Authosity to Declassify NACA/RASA Documents Dated Priocr to
Januazy 1, 1960

{/;1 ’L,_.,;,yysa_,@,r C'M:MGWMJ
Effective this date, all mataria]nclusiﬂed by this Center prioz to

January 1, 1960, iz declasgified, This action dcez not include material
derivatively classifisd at the Centsr upcn instructions from cother Agencies,

Inxediate re-marking ias not regquirsd; Mowsver, until material is re-rarked by
lining through the classification and annotating with the following statement,
it mugt continua to be protectad as If classified; ' .

"Declassified by authority of LaRC Becurity Classification Officer (SCO)
lettar dated June 16, 1983," and the signature of person pecforming the
ze~marking.

If re-macking a large amount of material is desirable, but unduly burdenscme,
custodiang may follew the inatructions contained in NHB 1640.4, subpazt F,
section 1203,.604, paragraph {h).

Thiz declassification action complements earlier zctions by the National
Archives and Records Service (NARS) and by the NASA Security Classification
Officer (8C0). In Daclassification Review Progzam §07008, NARS declamsified
tha Center's "Research Authorization" files, which contain reports, Raesearch
Authorizations, correspondsnce, photogoaphs, and other documentation.
Bazlier, in a 1977 lettar, the NASA SCO declassified all NACA/NASA formal
series documents with the exception of the following reports, which must
zemain classifiad:

Document No. Pirgt Author
B-51a30 Nagey
E-%53G20 ¥Franelsco
E~53G21 Johnson
E-53K18 speonar
81~54J11a Weatphal
E-55C16 Tox
B-56H23a Kimmal

'Jt[N ¢ 213

2o d AdvaE1T HOaL Juen) clge beR ves 62:17 LE6T-Se-S0

—— —

|




If you have any questions concerning

simkins at extension 3297,

. }ﬁ%”"/)’"’"’

2898

pistribution:
SDL 031

[-1-11

NASA Scientific and Techaic¢al
Information Facility

P.Q. Box 87%7

BYT Alzport, yn 21240

this matver, please call Mr. Willia=z L.

NASA==NIS=5/8ecur ity
180A/RIAD
TBSA/TU&AD -
4’-454-ﬂ:
IJQAIHLsimKihs.elf 05/15/53 (3281!'_ 5
nsaws% é-lf' ¥y o
— . 4
4611 997g Rl JOLS IVWR
¢og INY, =SS3H
SNOTLIYZINYSUO J0 S5AY3H {D~1E

g d

Avvugil HO3L J¥vT

sie2 bl vo8 62:TT LE6T-52-S0

a

e ——

cmpp—T————



- - e e — - -

TECH LIBHAHY

omme e

NATIONAL ADVISORY COMMITTEE FOR

RESEARCH MEMORANDUM

AFRODYNAMIC HEATING OF ROCKET-POWERED RESEARCH
VEHICLES AT HYPERSONIC SFEEDS
By Robert O. Piland and Katherine A. Collie

SUMMARY

Skin temperature measurements have been obteined on two free-flight
research vehicles; measurements were made up to Msch numbers of 5.4 in
one case and up to 10.4 in the other. On the first model (M = 5.%),
temperature measurements were obtained at nine stations (between 6.5
and 29 inches) along the 15° conical nose. The temperzture distribution
along the nose, at a Mach number of 5.4, indicated transition to heave
occurred &t a Reynolds number of gbout 9 X 106. The theories of Van
Driest for laminazr and turbulent flow proved adequate for predicting
the skin tempersture histories for laminar and turbulent stations,
respeciively.

A skin temperature history was obtained at & single station
(26.6 inches from tip)} on a fineness-ratio-5 Kfrmén nose shape to a
Mach number of 10.k. The pesk skin temperature of 1,200° F occurred
shortly aefter the time of peak Mach number and calculations indicate
thet et this time the convective heat transfer to the model was being
balanced by radiative heat transfer awey from the model. The theory of
Van Driest was used in calculating a skin temperature and appeared
adequate up to a Mech number of about 6. Above this value, there is
some divergence between calculated and measured deta, possibly due to the
existence of otkher than turbulent flow over the measuring stetion.

TWTRODUCTION

i 1s well known that the problem of serodynamic hesting becomes
more severe with inereasing Mach number. In order to determine just
what heeting conditions will be encountered at higher Mach numbers,
research vehicles are being flight tested, at present, to Mach numbers
as high as 10.k.

The purpose of this paper is to present and discuss skin temperature
measurements from two flight tests. Temperature meesurements were obtained
to a Mach number of 5.4 on the first flight and to a Mach number of 10.k4
on the second flight.
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SYMBOIS
M Mach rumber
R Reynolds number
To static temperature, degrees Rankine
T sain temperature, degrees Fahrenheit
i length on which Reynolds number calculation is based

RESULTS AND DISCUSSION

Figure 1 presents the veriation of static temperature, Mach number,
2ltitude, and Reynolds numrer per foot with flight time for a three-
stage vehicle which hed a 15° +total angle conicsal nose.

Figure 2 presents the variation of skin temperature with time meas-
ured at a distance of 29 inches from the nose tip. The nose cone was
constructed of 0.027-inch-thick Inconel. The maxirmum measured tempers-
Ture is seen To be 1,000° F, at which time (23.7 seconds)} the vehicle
is st a Mach number of S.k.

A temverature history nes been calculated using the turbulent theory
ol' Van Driest (ref. 1) spplying & conversion factor to mske it applicable
to the corne (ref. 2). Turbulent flow was assumed to exist from the nose
tip, end the recovery factor used in calculating the adisbatic wall

temperature was assumed equel to the cube root of the Prandil number Pr
pased on skir tempersture (res. 2). The ratio of specific heats y wes
taken equal. <0 l.4. Tke celculated tempersture history is indiceted oy
the symbels in figure 2 and is seen to be in good agreement with the
measured temperasture history.

1/3

In addition to the temperatures measured at stetion 29, measurements
were also nede st eight other stations along the same 15° cone. Figure 3
vresents the veriation of skin temperature along the nose cone at a per-
ticular time during the flight. The fiight time considered is 23.7 sec-
onds at which time the Msch number is 5.4 and ihe Reynolds number per
foot is 9.8 X 105. The neasured terperature is indicaied by the solid
linc end the tickxs on this curve and along the center line of the cone
indicate tre stetions at which the tempersture measurements were made.,
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The shape of the measured curve indicates regions of laminsar, transi-
tional, and 2t least the early stsges of turbulent flow. The sbrupt
change in slope of tke temperature curve indicates that transition from

leminer flow began et a Reynolds number of sbout 9 X 106. Tt is inter-

esting to note that, in a flight time of only 25.7 seconds, a difference
of 500° F exists between laminer-station and turbulent-station tempera-

ture measurements.

The lower broken line in figure 3 indicates temperatures calculated
using the laminar tkeory of Van Driest (ref. 3}, applying a conversion
factor to make it appliceble to the cone (ref. 2). The recovery factor
was essumed equsl to the square root of the Prandtl number (ref. 2).
Fair egreement is seen to exist between the measured end calculated date
at the stations where the laminer flow is believed to exist.

The upper broken line in figure 3 indicates temperatures cslculated
using tre turbulent theory of Van Driest as described previously. Toward
the aft end of the cone (stestion 29), where it is believed turbulent flow
exists, the sgreement between the measured and calculsted data is quite
good.

Iet us now consider temperature measurements to a Mach number of 10.4
obteined during the flight test of a four-stage wvehicle, which is des~
cribed in reference k.

Figure 4 presents tre varistion of static temperature, Mzch number,
altitude, and Reynolds nunber at the temperature measuring station, for
the test vehlcle. The nose shape on which the temperature measurements
were mede was & fineness-ratio-5 Kdrmén nose shape whose tip was modi-
fied to form a 150 total angle wedge. The nose skin was of 0.032-inch-~
thick Inconel. A sketch of the nose shape is presented in figure 5 and
the temperature measuring station is shown to be 26.6 inches aft of the
nose tip. The variation of skin temperature with time is also presented
in figure 5 and is indicated by the solid line. A peak temperature
of 1,2000 F is seen to have been reached just after peak Mach nunber.

At this time, the heating potential is still considersbly higher than

the skin temperature, and considering only convective heat transfer a
pezck temperature would not have been expected until e later flight time.
The explanation for the peak at this time is that the convective heat
transfer to the skin is teing balanced by the radiative heat transfer
awgy from the skin. Keeping this in mind, consider the temperature his-
tory calculated using the turbulent theory of Van Driest (ref. 1) for a
cone and including radiative heat transfer. 'The calculated values (square
symbols) agree guite well to about 28 seconds, a time which corresponds

to a Mach number of about 6. At this point the measured and calculated
values diverge and =t the time of peak measured temperature the calculated
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curve is still rising rapidly. However, if transition to laminar flow

1s arbitrarily essumed to occur at a Reynolds number of 5 X 106 and
laminar heat-transfer coefficients are used, the points indicated by

the solid squere symbols are cobtained. The inference is that laminar
flow must have actually existed on the model at this time of veak temper-
seture. Calculations are also presented considering flat-plate theory;
these are indicated by the circular symbols. At the higher temperestures,
the zgreement between trhe flat-plate calculatlions and the measured data
is better than the calculations for the conej; this is probably fortuitous
eand may be due to the existence of transitional rather then turbulent
flow over the measuring station for some time interval prior to time of
peek temperature. The primary purpose of making the flat-plate calcu-
lations was to determine the difference in estimated maximum tempersture
occasioned by using the simpler flat-plate procedure. The difference

is seen to be gbout 15 percent.

CONCLUDING REMARKS

The following observsations are made from the data presented here:

l. Free-~flight skin-temperature measurements have indicated
transition to occur on a conical nose at a Reynolds number of

sbout 9 X 106 at = Mack number of 5.4k.

2. The theories of Van Driest for turbulent and leminar heat-
transfer coefficients appear asdequate for calculating skin temperature
histories to Mach numbers on the order of 6.

3. Radistive heat transfer at Mach numbers of 10 can plsay an
important role in the determinestion of peak skin temperature.

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., April 26, 1955.
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FLIGHT CONDITIONS FOR MODEL TESTED
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MEASURED AND CALCULATED TEMPERATURE HISTORY
TC A MACH NUMBER OF 5.4
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MEASURED AND CALCULATED TEMPERATURE DISTRIBUTION
FLIGHT TIME, 23.7 SEG; M=54; R/FT=9.8x106
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FLIGHT CONDITIONS FOR MODEL TESTED UP TO M=I0.4
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MEASURED AND CALGULATED TEMPERATURE HISTORY TO A MACH NUMBER
OF 104
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